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LONG  TERM  GOAL 

We  use  innovative  experimental  approaches  to  measure  the  extent  of  biogeochemical  interaction 
driven  by  the  input  of  terrestrial  organic  carbon  to  the  coastal  oceans.  The  evolution  of  organic  carbon 
from  continents  to  oceans  is  not  well  understood.  Remineralization  of  this  carbon  plays  an  unknown 
but  apparently  important  role  in  stimulating  productivity.  This  process  and  associated  phenomena  also 
affect  ocean  color,  turbidity,  and  elemental  recycling.  Our  long-range  goal  is  to  quantify  these 
processes  in  space  and  time. 

OBJECTIVES 

Quantification  of  biogeochemical  change  at  the  land-ocean  boundary  requires  that  we  gain  better 
insights  into  fundamental  relationships  between  organic  carbon  and  other  parameters,  such  as  total 
suspended  particulate  matter  and  dissolved  metals.  Several  interrelated  objectives  link  the  processes 
affecting  organic  carbon  to  our  ability  to  measure  physical  and  chemical  gradients  in  the  water  column. 

•  development  of  technology  to  make  it  possible  to  collect  high  resolution  data  sets  of  trace 
substances  in  situ  and  in  real  time 

•  delineation  of  mixing  trends  for  particles,  dissolved  organic  carbon,  and  metals  to  ground  truth 
sensors  and  to  identify  the  most  labile  parts  of  the  system 

•  quantification  of  remineralization  rates  by  detailed  sampling  and  controlled  in  situ  experiments 

•  extrapolation  of  observations  to  a  representative  group  of  oceanic  settings. 

These  objectives  provide  a  framework  for  developing  and  applying  technology  to  follow  the  evolution 
of  terrestrial  carbon  from  rivers,  through  estuaries,  and  into  the  coastal  ocean. 

APPROACH 

Our  objectives  require  technology  to  measure  optical  and  chemical  properties  at  high  resolution.  In  the 
early  stages  of  our  project  we  developed  a  system  of  instruments  capable  of  recording  critical 
parameters  associated  with  the  cycling  of  metals  and  organic  carbon.  This  package  produces  high- 
resolution  distributions  of  light  level,  chlorophyll,  dissolved  terrestrial  humic  material,  dissolved 
marine  proteins,  dissolved  manganese  and  suspended  particulate  matter,  as  well  as  temperature,  depth, 
and  conductivity.  We  call  this  package  the  ZAPS  instrument  package.  The  centerpiece  of  this  package 
is  the  ZAPS  (zero  angle  photon  spectrometer)  fiber  optic  spectrometer  (Klinkhammer,  1994).  ZAPS 
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makes  it  possible  to  examine  the  behavior  of  terrestrial  organic  carbon  as  it  mixes  into  the  coastal 
ocean  and  better  understand  between  organic  matter  and  metals. 

WORK  COMPLETED 

We  carried  out  a  6  day  cruise  to  the  Columbia  River  estuary  in  October  1999.  Our  data  support  the 
idea  that  microbial  life  has  evolved  to  take  advantage  of  sunlight  and  oxide  coatings  in  attacking 
organic  matter  in  the  water  column.  We  have  known  for  some  time  (Froelich  et  al.,  1979)  that 
microbes  use  a  series  of  oxidants  to  degrade  organic  matter  in  sediments.  Microbes  use  several 
oxidants  to  do  this  work:  oxygen — nitrate — manganese  oxide — iron  oxide.  The  most  sensitive 
indicators  of  microbial  activity  are  dissolved  manganese  and  dissolved  iron  because  of  their  relatively 
low  concentrations  in  unaffected  seawater.  Microbial  degradation  is  pervasive  in  sediments  and  can 
degrade  as  much  as  90%  of  the  particulate  organic  carbon  from  a  large  system  like  the  Amazon  River 
(Aller  et  al.,  1996).  Our  data  indicate  that  these  processes  are  not  restricted  to  sediments  or  particulate 
organic  carbon  but  are  also  active  in  the  estuary  turbidity  maximum  (ETM). 

We  found  a  pervasive  maximum  in  dissolved  Mn  between  8  and  10  m  throughout  the  estuary.  The  Mn 
anomaly  is  sometimes  associated  with  the  top  of  the  ETM  (SPM>50  mg/L),  but  persists  at  lower 
turbidities.  The  Mn  anomalies  cut  across  all  salinity,  temperature,  and  density  gradients  and  seem  to 
be  focused  on  the  uppermost  part  of  the  ETM. 

RESULTS 

The  anomalously  high  levels  of  dissolved  Mn  we  observed  could  result  from  either  of  two  processes. 

(i)  Dissolved  Mn  might  be  imported  from  the  large  mudflats  that  dominate  the  lower  estuary  or  (ii) 
dissolved  Mn  might  be  produced  by  in  situ  reduction  of  oxides  in  the  water  column.  Either  one  of 
these  sources  would  require  microbial  mediation. 

One  striking  characteristic  of  Mn  anomalies  in  the  Columbia  is  that  the  depth  of  the  maximum  varies 
by  only  a  couple  of  meters.  As  we  pointed  out  previously,  these  anomalies  cut  across  all  salt, 
temperature,  and  density  gradients.  So  what  is  so  special  about  8  to  10m?  Last  year  we  made  the 
important  observation  that  these  anomalies  always  occur  at  the  base  of  the  photic  zone.  This 
observation  suggests  that  the  Mn  reduction  we  observe  may  be  part  a  light-sensitive  process  linked 
with  microbial  reduction.  This  explanation  fits  with  previous  observations  of  high  bacterial 
abundances  (Baross,  1995,  Crump  and  Baross,  1996)  and  elevated  Mn/Al  ratios  (Prahl  et  al.,  1997)  for 
particulate  matter  in  the  ETM. 

Other  workers  have  demonstrated  in  laboratory  experiments  that  certain  bacteria  oxidize  humic 
substances  using  reduction  of  their  manganese  oxide  coatings  (Sunda  and  Kieber,  1994).  Our 
observations  are  the  first  evidence  that  this  process  is  prevalent  in  nature.  The  fact  that  this  process 
can  maintain  such  intense  dissolved  Mn  maxima  in  a  dynamic  environment  like  the  Columbia  suggests 
that  the  oxide  reduction  is  quite  vigorous  as  it  must  generate  enough  material  to  maintain  a  generous 
supply  of  dissolved  Mn  against  turbulent  mixing.  The  residence  time  of  water  in  the  estuary  is  only  1- 
2  days. 


TECHNOLOGY 


We  designed  and  constructed  the  first  underwater  fiber  optic  spectrometers  (Klinkhammer,  1994).  We 
developed  flow-through  (FT)  chemical  sensors  based  on  this  technology.  We  also  developed  new 
immobilization  techniques  that  are  an  integral  part  of  FT  analyzers.  FT  sensors  are  a  powerful 
alternative  to  the  popular  FIA-type  (flow  injection)  techniques.  Flow-through  sensors  offer  the 
advantage  of  faster  updating  and  are  thus  more  suitable  for  profiling  applications  or  work  in  dynamic 
chemical  environments  like  estuaries.  FT  analyzers  are  based  on  fiber  optic  technology  and  lend 
themselves  to  current  ideas  about  deep-sea  observatories.  FT  analyzers  are  versatile  light-processing 
systems  capable  of  exploiting  several  chemical  techniques  including  fluorescence  and  light  absorption. 

ZAPS  Spectrometers 
fluorescence  of  humic  material 

ZAPS  is  a  true  in  situ  fluorometer.  This  means  that  increasing  incident  radiation  and  detector 
amplification  improves  fluorescence  detection  over  a  wide  range.  This  is  not  true  for  standard  cell- 
type  instruments  where  the  background  from  scattering  increases  proportionately  with  the  signal. 
Fluorescence  data  produced  with  this  instrument  is  reproducible  at  the  ±0.8%  level  (Klinkhammer  et 
al.,  1999).  Fluorescence  from  ZAPS  has  been  shown  to  be  remarkably  linear  when  plotted  against 
DOC  in  regions  dominated  by  terrestrial  carbon,  like  the  western  Arctic  (Guay  et  al.,  1999). 
fluorescence  of  proteinaceous  carbon 

ZAPS  is  very  effective  in  the  deep  UV  making  it  possible  to  excite  most  fluorescent  organic 
compounds.  This  fluorescence  pool  is  distinctly  different  than  humic  material.  Recent  developments 
in  UV  detectors  will  allow  ZAPS  output  to  be  captured  as  a  spectrum. 
manganese 

The  ZAPS  analyzer  is  the  first  system  to  measure  manganese  at  its  lowest  oceanic  level  (0.1  nM). 
Sample  in  the  flow-cell  is  renewed  every  few  seconds  allowing  the  system  to  detect  small  signals  while 
profiling  in  dynamic  settings,  like  those  found  in  the  Columbia.  We  now  have  data  from  showing  the 
relationship  Mn  and  coastal  water  masses  at  high  resolution  for  the  first  time. 
nitrate 

There  has  been  renewed  interest  in  the  detection  of  nitrate  by  UV  absorption  (Finch  et  al.,  1998). 
Recent  improvements  in  photonic  components  make  this  measurement  feasible  by  in  situ  detection  for 
the  first  time.  We  were  able  to  produce  nitrate  profiles  on  recent  cruises  to  Antarctica  and  the  Oregon 
coast.  Things  become  more  complicated  in  estuaries  because  there  is  interference  from  humic  material 
and  salinity.  We  used  results  from  the  Columbia  to  develop  correction  algorithms. 

ZAPS  Instrument  Package 

We  built  up  a  sophisticated  instrument  package  around  fiber  optic  spectrometers.  The  package 
produces  an  extensive  view  of  the  biogeochemical  fabric  of  the  water  column  in  real  time.  This 
package  serves  as  an  experimental  platform  on  which  to  build  new  chemistries  and  test  new  sensors 
against  a  backdrop  of  full  chemical  characterization. 

RELATED  PROJECTS 

ZAPS  technology  has  found  application  in  a  wide  range  of  projects.  We  used  our  sled  this  year  to 
explore  the  Bransfield  Strait,  Antarctica  for  hydrothermal  vent  sites  (NSF  -Office  of  Polar  Programs; 
OPP-9725872).  We  used  the  real  time  sensing  capability  to  locate  a  vent  field  and  map  hydrothermal 
signals  at  several  locations. 

We  used  the  ZAPS  package  to  investigate  water  column  chemistry  above  an  emerging  hydrate  site  as 
part  of  the  TECFLUX  Program  (NSF  -Chem.  Ocean.;  OCE-9811471).  We  produced  hydrography  and 


incorporated  a  methane  sensor  into  the  package.  We  were  able  to  map  dissolved  methane  plumes 
above  the  accretionary  ridges  that  make  up  the  TECFLUX  site  using  this  device.  The  detection  limit 
was  better  than  10  5  ppm. 

We  are  working  with  K.  Falkner  to  develop  additional  methods  so  we  can  broaden  the  use  of  ZAPS  as 
a  chemical  analyzer.  Our  initial  goal  is  to  build  a  barium  sensor  that  we  will  use  to  track  the  influence 
of  river  water  in  the  Arctic.  Ba  turned  out  to  be  a  perfect  compliment  to  humic  carbon  in  the  SCICEX 
Program  (Guay  et  al.,  1999). 
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